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Abstract
The Gojo-shi area in southern Nara ken consists of the pre- Tertiary Izumi Formation, the Ryoke Senan
Complex and Sambagawa metamorphic rocks, along with younger sediments of the Shobudani Formation
(Pleistocene), terrace and recent deposits.
Sediments of the Shobudani Formation, consisting of gravel, sand, silt and clay, form an excellent aquifer
system in the southwestern part. Groundwater Aows from the northeast to southwest. Transmissivity and
permeability are higher in the wells located in the southwestern part of the area. Water pumped from the
wells is used for recreational facilities, omen and irrigation. A Complex fault system, MTL, and possibly
other faults in the northern part inAuence the groundwater system so that the yield from the wells in the
north are comparatively low. Groundwater storage in the area of 8 km 2 and of 62.7 m aquifer
thickness is about 113.43xl06 m 2
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Introduction
1.1. Background
This summer Japan faced severe water shortages in many regIOns, including the
Kansai area, due to low rainfall, which not only created drinking water shortage but
also affected the daily lives of ordinary people as well. Although Japan holds a huge
potential of groundwater resources, strict regulations in many regions have restricted
the exploitation of shallow groundwater. In the Osaka area, too, the local government
restricts exploitation of shallow groundwater due to land subsidence resulting from
excessive withdrawal in the past. While the subsidence has been controlled, vast amount
of natural resources lay unused and rise in the groundwater table has been reported in
many areas around Osaka (NAKAGAWA and MITAMURA, 1991; MITAMURA et ai., 1994).
Furthermore, this has discouraged research on the groundwater system so much so that
comparatively few studies are being conducted 10 Osaka regarding groundwater
contamination, waterlogging and other groundwater parameters. Hence, only a few
publications on or related to groundwater have been published in the Kansai region 10
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the last 2-3 decades, notably by TSURAMAKI, M. (1962, 1970) and recently by NAKAGAWA
and MITAMURA (1991), and MITAMURA et al. (1994).
For some years now water from considerable depths is being exploited for omen
(natural hot-water spring) and hydrothermal energy sources. However the data from
these wells are yet to be published. The present study was carried out in the Gojo-shi area,
southern Nara ken, where groundwater from deep wells, ranging in depth from 130 m.
to 300 m., is being used for recreational centres, irrigation and onsen.
In this study, data from six deep wells out of a total of eight present in the area have
been studied and another well (well no. 9) is in the process of being drilled. Due to
lack of lithologic data from well no. 7 and pumping test data from wells nos. 2 and 7,
data from these two wells have been excluded from the calculations. All the wells were
drilled by the Toksu Plant Industry Co. Ltd., a private company well experienced in
drilling wells in Japan. The authors hope that the study will shed some light on the
groundwater system in the region. Detailed, follow-up study, covering a much wider
region, is in progress, the results of which will be published later.
1.2. The study area
The study area lies near the centre of the Kinokawa river valley, southern Nara
ken, in the middle of the Kii Peninsula (Fig. 1A). The valley is 6 km wide and 80
km long. Numerous streams, flowing from the north and the south, drain the area and
meet the trunk river, River Yoshinogawa or Kinokawa, which flows from the northeast
towards the southwest into the Kii Channel. Gojo shi, the study area, lies in the centre
of the valley, bounded on the north by the Izumi range and on the south by the
Yoshinogawa river.
1.3. General geology of the region
The area consists of rocks of the Izumi Formation, the Ryoke Senan complex,
Sambagawa metamorphic rocks and sediments belonging to the Shobudani Formation,
overlain by terrace and alluvial deposits. The Median Tectonic Line (MTL) fault
system, in general, divides rocks of the Izumi Formation and the Ryoke Senan complex
from those of the Sambagawa and Shobudani Formations.
The Izumi Formation consists mostly of sandstones, conglomerates and mudstones
of late Cretaceous age (MIYATA et al., 1974) and is widely exposed in the hills of the
Izumi Range, along with granite and rhyolite of the Ryoke complex (Fig. 1A).
The Sambagawa metamorphic rocks consist of green schist, black schist and quartz
schist (MIYATA et al., 1974) which outcrop sporadically in the area. Near the MTL
zone, these rocks are generally strongly crushed and are covered by the Shobudani
Formation.
The Shobudani Formation is widely distributed in the region, and consists of gravel,
sand, silt and clay beds dipping gently towards the northwest in the study area. The
gravels consist of sandstones, mudstones and cherts from the Izumi group and schists
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Fig. 1 . General geologic and water table map of the study area. Flownet diagram shows the general flow direction of the
groundwater. Extent of the tudy area is indicated by broken lines in the corners. The geological map is after K.
MIZU 0 and A. MOMOHARA (1993).
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Fig. 1B. Map showing the distribution of permeability (hydraulic conductivity) in the study
area. The values given are in m/sec.
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Fig. 2. Correlation of the Shobudani Formation with the Osaka Group and the Kobiwako Group
(after ITlHARA et aI., 1991).
derived from the Sambagawa metamorphic rocks. Lying unconformably over the
Sambagawa metamorphic rocks and, in places, over the Izumi Formation, this formation
has been divided into three members, namely, the upper, lowel" and lowermost (MIZUNO
and MOMoHARA, 1993). SANGAWA (1977) has divided the Shobudani Formation into
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the Gojo Formation and Shobudani Formation with the Gojo Formation corresponding
to the Upper Shobudani member of MIZUNO and MOMOHARA (1993). The Gojo
Formation consists of well-rounded boulders, believed to have been transported by the
Paleo-Kinokawa river and, rarely, of silts and clays. On the other hand, the Shobudani
Formation consists of pebbles, cobbles, gravels, sand, silt and clays considered to have
been deposited by the branch rivers in a lacustrine environment (SANGAWA, 1997; MIZUNO
and MOMOHARA, 1993).
Shobudani Formation has been correlated with the Osaka Group and the Kobiwako
Group by ITIHARA et al. (1991) (Fig. 2), according to which, the lowermost, lower and
upper parts of the Shobudani Formation have been correlated with the lowermost and
lower parts of the Osaka Group and with the Ofuku, Gamo and Kusatsu Formations of
the Kobiwako Group. The type area of the Shobudani Formation lies in the northeast
of Hashimoto-shi, in the western part of the study area.
Terrace and fan deposits are distributed in the stream courses and in uplands in
front of the hills unconformably overlying the Shobudani Formation and basement
rocks. The terrace deposits have been divided into higher, middle and lower, based on
height of the depositional surface above the river bed and degree of weathering (ITIHARA,
1960, 1961). The terrace deposits consist of pebbles, cobbles, gravels and sand (hmARA
et al., 1975)
A fault complex of en echelon faults, termed the MTL, runs through the region. This
fault complex, which extends for more than 800 km, was till recently regarded as the
boundary fault between the Izumi Group on the north and the Sambagawa and Shobudani
rocks in the south. Recently, however, the MTL has been treated as a complex fault
system involving more than one stage of development. The rocks along the fault are
strongly sheared and the fault system is 'composed of high- and low-angle shear zones
(MIYATA et al., 1974).
1.4. Geology of the study area.
The study area, like the surrounding region, is tectonically divided into the Izumi
Group area and Sambagawa metamorphic rock area by the MTL, which runs through
the southern foothills of the Izumi Range (MIYATA et al., 1974). In the study area,
too, Sambagawa metamorphic rocks, generally covered by the Shobudani Formation,
reportedly outcrop in the southern part of the study area (Fig. lA). Few traces of the
MTL can be observed, except at a road section on the northern side of the well no.
5. The total thickness of the Shobudani Formation is reportedly over 200 m. MIZUNO
et al. (1993) reported that the boundary between the upper and lower Shobudani
Formations lies at about 200 m O.P. (Osaka Peil). This indicates that most of the
sediments in the area belong to the lower, and probably the lowermost Shobudani
Formation. Gravel, consisting of weathered pebbles and cobbles of chert, sandstone,
schist and granite, outcrops sporadically in the study area. Greyish white gravel,
consisting of pebbles and cobbles of weathered granite, is exposed in the area west of
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Fig. 3A. Lithologic columns of the wells 5, 2 and 4, along with strainer positions,
resistivity curves and their correlation (A-A' direction in Fig. lA). Resistivity
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no. 2 well The beds appear horizontal In most of the area, except near the MTL
zone, where they dip steeply (about 58°) towards the north and strike in a northeast
direction. From the field observation it appears that the Shobudani Formation has been
folded and slightly overturned near the MTL area.
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2.2 Pumping tests and calculations
Single-well pumping tests were carried
out in the wells. Pumping tests involved
both constant discharge tests, step draw-
down tests and recovery tests. Results of
the pumping tests are given in Table
1. Post-pumping water-table data show
water levels below the screen depth in wells
and one well in the central part and one
(No.8) in the eastern part (Fig. lA). The
six wells on the western side are distributed
over an area of about 2 km2 • The wells
were all drilled using Percussion-type
drills. Water pumped from these 'wells
(nos. 2, 3, and 4) is used for maintenance
of the golf clubs, well no. 7 is used for the
onsen due to the onsen quality of the water,
and 'well no. 8 is used for irrigation. Wells
1 and 5 so far remain unused, as the
discharge is much less compared to other
wells. The wells range in depth from 130
m to 300 m, and the diameters of the wens
range from 0.1 m to 0.175 m. Water level
in the wells range fro.m 113.60 m to 154
tn above OP (Osaka Peil) (Table 1).
Screen (strainer) depth positions in the
wells (Fig. 3 A, Band C, and Table 1)
show that the top parts of the screens lie
from an altitude of 86.94 m OP in well no.
8 to 136 m OP in the well no. 1. The
length of each screen pipe is 5.5 m, and the
screen length in the wells range from 33
m in well no. 8 to 110m in well 5 (Table 2).
As observed from the logs, the screens, in
general, have been placed below the
clay layer showing low resistivity value,
except in the wells no. 2 and no. 3. Thus,
the strainer thickness below this clay layer
is regarded as the aquifer which has been
exploited by the wells (Fig. 4).
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An unpublished report on the lithology of three shallow test borings, i.e., A-1, A-2
and A-3 in Fig. lA, drilled to a depth of 50 m in the fault zone, north-east of well no.
5, reveal lithologies different from wells in the south. Well A-1 reveals hard rock of
sandstone and shale below the depth of 14.40 m, with RQD = 80-100 percent. The
top portion reveals redeposited materials cosisting mainly of sand and gravel. Well A-2,
lying at 211.4 m G.P., penetrates the MTL to the Shobudani Formation and reveals
alternation of clayey sand, sandy clay and sandy gravel of the Shobudani Formation in
the lower part. RQD is almost 100 percent between 7.50 m from the ground surface
and the bottom. \Nell A-3, the nearest well to the group of wells in the south, reveals
a compacted gravelly sand layer below 32.20 m and gravel with clay till 32.20 m. RQD
varies from 40 to 100 percent below 20 m. Well A-1, consists of rocks of the Izumi
Formation and wells A-2 and A-3, lying near the fault zone and south of it, consist of
sediments of the Shobudani Formation.
2. Hydrogeology
2.1 Aquifers
The study area covers a region of approximately 8 km 2 . The wells are unevenly
distributed over this area with six wells (No. 1-6) in the western end of the study area
Table 1. Pumping test data and other parameters of the wells In the study area. OP
indicates Osaka Pei!.
Well No.Top of the Screen Natural water-level Pumping water-level Discharge Q Drawdown s
( m ab.OP) ( m ab.OP.) (m abo OP) (m3/day) (m)
Specific Capacity
(m3/day/m)
86.94 153.00
92.80 129.60
136.00 154.00
4
5
6
113.80
90.40
94.80
121.90
117.40
113.60
121.50 40.00 32.50 1.23
106.50 60.00 47.00 1.27
88.00 70.00 66.00 1.06
114.50 388.80 15.10 25.75
108.80 777.60 20.80 37.38
104.50 1100.00 25.10 43.82
105.80 302.40 15.80 19.14
103.80 432.00 17.80 24.27
101.80 576.00 19.80 29.10
99.80 691.20 21.80 31.71
85.20 53.28 32.20 1.654
74.80 86.40 42.60 2.028
34.50 115.20 82.90 1.389
112.60 285.84 1.00 285.84
111.10 542.47 2.50 216.99
109.50 795.06 4.10 193.91
108.50 919.07 5.10 180.21
107.50 1036.58 6.10 169.93
139.03 120.49 18.97 6.352
126.07 232.90 26.93 8.648
114.00 411.84 39.00 10.56
104.00 485.42 49.00 9.91
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Single-well pumping tests were carried
out in the wells. Pumping tests involved
both constant discharge tests, step draw-
down tests and recovery tests. 'Results of
the pumping tests are given in Table
1. Post-pumping water-table data show
water levels below the screen depth in wells
2.2 Pumping tests and calculations
and one well in the central part and one
(No.8) in the eastern part (Fig. lA). The
six wells on the western side are distributed
over an area of about 2 km2 . The wells
were all drilled using Percussion-type
drills. Water pumped from these wells
(nos. 2, 3, and 4) is used for maintenance
of the golf clubs, well no. 7 is used for the
Ol1sen due to the onsen quality of the water,
and well no. 8 is used for irrigation. Wells
1 and 5 so far remain unused, as the
discharge is much less compared to other
wells. The wells range in depth from 130
m to 300 m, and the diameters of the wens
range from 0.1 m to 0.175 m. Water level
in the wells range from 113.60 m to 154
m above OP (Osaka Peil) (Table 1).
Screen (strainer) depth positions in the
wells (Fig. 3 A, Band C, and Table 1)
show that the top parts of the screens lie
from an altitude of 86.94 m OP in well no.
8 to 136 m OP in the well no. 1. The
length of each screen pipe is 5.5 m, and the
screen length in the wells range from 33
m in well no. 8 to 110m in well 5 (Table 2).
As observed from the logs, the screens, in
general, have been placed below the
clay layer showing low resistivity value,
except in the wells no. 2 and no. 3. Thus,
the strainer thickness below this clay layer
is regarded as the aquifer which has been
exploited by the wells (Fig. 4).
><1 ><1 ><r- 00 0
""' v v0' r.-i .
N
S
~
r-
:2
><~
r.-i
::1 ~I g)v 0 ""'
ei ei ei
'D1""'10r)~ ~ 8
>< >< ><o Or) Or)_ v 0\
'" C'i M
";\1 '"'.'1";\:: ~ :2
>< >< ><~ 'D v
v ~ Or)
....; N N
1';"1 ";\1 I';"s ~ ~
>< >< ><
8 0\ N
""' N
.-: M ~
><1 '1-1 ><1 ><1 ><1 ><""' Or) - 'D 'D vv 0 v 00 0 ~
r...: 0 ....; ....; r.-i N
""1"
:2
><~
1--+-1
>< 1>< 1><1 ><1 ><~ ~ 8 ~ ~
-i ~ tri "" .....:
>< 1><o Or)00 N
N .....:
~
~
><8
0'
~I~I~o 0 0
'D !or) lor):2 :2 :2
>< >< ><00\,,",
00 Or) ""'
cx:i 00 r-.:
°1°1°- - ->< >< ><r- 0\ r-v 'D 0\
. -.i -.i
""'1
00
1
0
00 ~ ""'00 Or) r-
ei 0 ....;
I';" 1'91'9:2 :: ::
>< >< ><
""' r- Or)NOv
N ....; r.-i
1';"1~1'9~ :2 ~
>< >< ><
,,",0000
""' Or) r-
"? I~ I~I 1';"1 '-;-1 ";\1 '-;-1 I';"~ ~ ~ :: ~ ~ ~ sx x x x x x x x
~~3~8~::~
~ N --= 00 .....: rri 0\ '"
~ I'~' I""' IMI~ I""' I""' I;.~~ 3~~
"8 ~
oS
E
.0
o
~ en
~
~
~ """'o
i:l
~
f-
C;-
's:-
.~ ~
.~{
~'-'
.~~
~NE
"""'-...;
~
.~
.(1; ...........
a
... u
~ ~
fj "'E
£5 -
...
'@-85
l:l
C/)
ci
CI)
->
«
~
.;;
'flu
:=> ~
"O~g E
U-...;
-g,
::r:
~
~
.c
:=>;:
:!! """'
::.d
c-
'>
'8-
:=> u
"0 ll)c~8 E
"8 -g, '-'
~ ::r:
E en
.~ ~
~ ::
CI)
N
v
:D
~
,.!:l
o
u
(;\
'7'
~
C
(;\
:r::
en
'Q)
..e
E-<
.z
.~
'"0
~
(;\
:;
u
~ ..;
U en
~ ~
Q) I:::
~ ~
v 0
..e'"O
~ ~
'- (;\
o I-<
en '"0
v 0-
..2 ~~ en
Cb
:§ .2
U (;\
;:; ;>
'"0 v
I::: blJ
o I-<
U (;\
u..e
.- U
:; .~
~ '"0
'"0 t;
;>-. I-<
..etC
'"0 en
I::: ~
(;\ (;\
'"0 .~
'Q)'"O
';;" .5
U ~
t.C 1-0
.- (;\~ E
~ x
- .r::
;>-. v
..... ~
::;: ~
'm
.~ en
~'"O
- 0en..ec:: ....(;\ v
b E
blJ ;>-.
c:: 1-0
.- V~ ;>
o 0
..e U
en V
V ~
:0'"0
c:Il I:::b c:Il
Study of the Groundwater Resources 83
W.3
B j',,~m, B'W.6 W. Z Nara coun. G. Club train track E'"t + Q)22 WSt;200
+ +180 f\
t 160140
'"
120
~ 100
Q) 80E 60
.s
c 40
0 20.,
'" 0> 0 500mQ)
-20 Fig. AUJ
-40
-60
W.4
A W.5 W. Z +
A'
22 + +200
180
160
t 140120
'"
100
~ 80
Q) 60
E 40 Legend
.s 20c ~0 0 Aquifer.~ -20 0 500m Water table
2 -40 I
w
-60 W. Z Well position
-80 I strainer-100 Fig. B
Fig. 4. Figure showing the cross-section of the area and the position of the wells, aquifer
distribution and groundwater level in A-A' and B-B' sections.
no. 1 and no. 5. The data were used to plot curves, using the Theis method, the
Hantush- Jacob method and the Residual drawdown method. The first discharge
amount of the step drawdown data was used for the calculations m wells no. 3 and no.
5 as no constant discharge data were available. In wells no. 4 and no. 8, calculations
were done using both the constant discharge test and the step drawdown test. Residual
drawdown from wells nos. 1, 4, 5, 6 and 8 were used for calculations. Calculations
for transimissivity were done using the following formulas:
T = Q x W(u, r/B)/4ns
T=QxW(u)/4ns
T=2.3 Q/4ns
(Hantush-Jacob equation)
(Theis equation)
(Recovery equation)
Although storativity or Specific Yield is generally not calculated in single well tests,
the amount calculated is to be treated as an average value. Specific yield, S, was calculated
using the formula
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and Hydraulic conductivity or Permeability was calculated using the formula
T=Kb
where T=Transmissivity, K=Permeability and b is the thickness of the aquifer,
which in this case has been taken as strainer length. The curves plotted using Theis
and Hantush-Jacob methods are shown in Fig. 5.
2.3 Result and Discussion
The results of the calculations show that well no. 1 and well no. 5 have comparatively
low transmissivity and hydraulic conductivity values. As the lithologic data and resistivity
curves from these two cores could not be correlated with those of other cores, these
two cores have been excluded for the evaluation of groundwater resources. Among the
wells considered, the transmissivity value increases towards the southwestern part of the
area as well no. 6 has the highest average transmissivity value of 2.16 x 10- 3 m 2/sec. Well
no. 8 shows the lowest average transmissivity value of 2.54 x 10- 5 m 2/sec. In a similar
manner, permeability, too, increases towards the south-west, with well no. 6 having the
highest average permeability value of 3.39 x 10- 5 m/sec. and well no. 8 having the lowest
average permeability of 6.22 x 10- 7 m/sec (Fig. 1B). Average specific yield ranged from
0.18 in well no. 6 to 0.8 in well no. 4. The specific yield of sand is considered to be
from 0.1 to 0.3 (RAGHUNATH, 1982); as the values are above average it was considered
unreliable, especially from the core no. 4. Specific capacity of the wells, calculated,
show comparatively high values in wells nos. 6, 3 and 4. The values range from the
highest value of 285.84 m 3/day/m in well no. 6 to 43.82 m 3/day/m in well 3 and 31.71
m 3/day/m in well no. 1. and 1.389 m 3/day/m in well no. 5 (Table 1.).
Low transmissivity and permeability values in wells nos. 1 and 5 are no doubt due
to influence of the complex fault system in the vicinity, though the manner and the
extent of this influence is not known. In well no. 1, the water-table is very high
compared to nearby wells and the lighologic and resistivity data of both wells nos. 1
and 5 do not correlate with each other nor with other wells in the vicinity. The
resistivity curve of well no. 1 resembles the bottom portion of the curves in other wells;
hence a possibility of a reverse fault immediately south of well no. 1 and parallel to
MTL is very strong. The relationship of well no. 5 with other wells is not clearly
understood. The higher transmissivity and the higher permeability values in the
southwestern part of the study area makes it a promising region for ground-water
exploitation. Water from well no. 7 met the standard quality for onsen development
and hence was used for onsen. Thus, with the exploration of new sectors, the possibility
of finding onsen quality water is fairly high.
The water-table map (Fig. 1A) shows the flow of water towards the southwest and
the south. Considet'able depth of the water-table and divergence of the flow direction
of water indicate that the study area may be a recharge area, with the baseflow occurring
in the southwest direction. The water table in wells A-1, A-2 A-3 are higher than in
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Fig. 5. Diagrams showing time-drawdown (Han tush-Jacob curve) (Fig. A) and drawdown-r2/t
(Theis curve) (Fig. B) plot of the data of the wells in the study area. The number on
the left side of the curve (Fig. A) represent the well number and the number on the
right side of the curve represent the value riB. In Fig. B the numbers represent the
well numbers.
the southern part, differing by more than 80 m within a distance of a few hundred
metres, e.g. between well nos. 5 and A-3. Such variation in the groundwater table IS
possible only in case of faulting or when the wells tap different aquifer systems.
The groundwater storage in the area was calculated in the following manner:
Q =Avg. thickness x Avg. Sp. yield x Total area
In this case the average thickness of the strainer from the wells was considered as
the thickness of the aquifer. As the result showed the specific yield value to be too
variable and higher than the average, only specific yield values of wells nos. 3, 6 and
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8 were considered for the calculation of average specific yield. The total area IS nearly
equal to about 8 sq.km. Hence,
Q=62.6 mxO.229x8,000,000 m 2 =113.43xl06 m 3 .
The average rainfall in the area amounts to about 1400 mm/yr (source: Nara Chiho
Kisyodai) and the general infiltration rate is estimated at 30 percent which gives the
total amount of recharge as,
8,000, m 2 x 1400/1000 x 30/100=
3.36 x 106 m 3/yr or 0.92 x 104 m 3/day.
The influence of clay layers during recharge is not known but would probably
retard the infiltration.
3. Conclusions
1. The average thickness of the aquifer system in the study area is 62.7 m. and consists
mostly of sand and gravel with layers of clay.
2. Groundwater flow in the study area is from northeast to southwest and south; hence
the study area acts as a recharge area.
3. Wells nos. 6, 3 and 4 show high transmissivity, permeability and yield.
4. Wells nos. 1 and 5 show very low transmissivity, permeability and yield, probably
due to the influence of the faults in the vicinity.
5. Specific capacity in wells nos. 3, 4 and 6 are high, and wells nos. 1 and 5 have the
lowest.
6. The southwestern side of the study area is the most promising area for groundwater
exploitation, as indicated by Fig. lA and B.
7. The groundwater storage in the area is about 113.43 x 106 m 3 .
8. Possibility of further development of the area for recreational activities, onsen and
resorts is high.
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